Background: Though hemodialysis (HD) acutely improves cardiac function, the impact of background diseases like coronary artery disease (CAD) and Type 2 diabetes (DM) in the setting of end-stage renal disease (ESRD) is not known. Tissue velocity echocardiography (TVE) offers a fast choice to follow changes in myocardial function after HD in ESRD with concomitant DM and /or CAD.
Background
Patients with Type 2 diabetes mellitus (DM) of long duration frequently suffer from end-stage renal disease (ESRD) and a great majority of them also have coexistent coronary artery disease (CAD) [1, 2] . Patients with primary ESRD are at risk of having a coronary event as well and often die of cardiac causes [3] [4] [5] . Detailed mechanisms behind cardiac deaths have been relatively well described, but exact changes in the regional contractile behaviors of the left ventricle (LV) are not clearly established in ESRD, particularly during on-going renal replacement therapy such as hemodialysis (HD), a procedure destined to temporarily remove excess fluids and toxins.
Though it has been already demonstrated in patients undergoing HD that concomitant changes in the TVE variables are load dependant [6] [7] [8] [9] , it is however still not known whether ESRD with coexistent DM and/or CAD, i.e., conditions in which regional myocardial systolic and diastolic velocities are already diminished [10] [11] [12] [13] , have differing myocardial response following dialysis-dependent acute changes in preload.
Therefore, in this study, we have tested the hypothesis that longitudinal myocardial functions as assessed by TVE in response to HD are quantitatively different in differing clinical settings irrespective of similar degree of changes in loading conditions.
Methods

Study design
The number of study subjects was 46. Patients with primary myocardial disease, significant pericardial disease, significant valvular disease or arrhythmias were excluded. Diagnoses of the illnesses were defined by standard criteria, medication and treatment history and from the hospital database. Diagnosis of CAD was on the basis of clinical history, findings of definite ECG changes of ischemia or previous myocardial infarction, echocardiographic findings of regional wall motion abnormality (n = 9) and those having angiographic evidence of significant coronary artery disease (n = 5). All biochemical analyses were done prior to HD, using a standard spectrophotometer.
The Institutional Review Board of Bhagwan Mahavir Jain Heart Centre, Bangalore, India, approved the study protocol. All the study subjects gave their informed consent to participate.
Standard echocardiography protocol
Echocardiography was performed using a VIVID 5 equipment (GE Vingmed, Horten, Norway) with a preinstalled Echopac 6.3.4 software program. A 2.5 MHz probe was used for image acquisition. The images were acquired in parasternal long-and short-axis and in apical 2-, 3-, and 4-chamber projections. LV dimensions and wall thicknesses were measured by M-mode in the parasternal long-axis views. Mitral inflow velocities were measured by conventional pulsed wave Doppler, by positioning the sample volume at the level of the tips of mitral leaflets in the apical 4-chamber views. The peak early (E) and late (A) diastolic velocities, and E/A ratio were measured. 2-D LV ejection fraction was measured by modified Simpson's approach. All 2-D and M-mode measurements were made according to the American Society of Echocardiography guidelines.
Tissue velocity echocardiography
Digitally stored cine loops during three consecutive heart cycles were analysed offline using Echopac 6.3.0 software (GE Vingmed, Horten, Norway). The LV long-axis regional function was assessed from the apical views from which four basal segments (septum, lateral, inferior, and anterior) were analysed. The cursor was placed in the basal segment so as to exclude the mitral annulus. A typical velocity profile could be obtained by positioning the sample volume in any of the basal segments. Peak systolic (PSV), early diastolic (E'), and late diastolic (A') myocardial velocities (cm/sec) were measured at the peaks of the respective waves on the myocardial velocity curves in the individual LV walls (Figure 1 ). The corresponding global variables were measured by taking average of the 4 LV bases. The LV short-axis systolic and diastolic functions were assessed from the parasternal short-axis images, from which only the mid posterior segments (parasternal shortaxis image) were analysed in order to compute radial data. Isovolumic contraction (IVCT) and relaxation (IVRT) times as well as ejection (ET) times were also measured according to methods described by Lind et al [14] . Filling time (FT) was measured from the end of IVRT to the beginning of IVCT. The myocardial wall displacement (mm) in the long-and short-axis was obtained by automated temporal integration of the velocity profile during systole ( Figure 1 ). E/E' was measured from the septal and lateral annulus from the apical 4-chamber projection. LV myocardial performance index, Tei index [15] , was defined as the sum of IVCT and IVRT divided by ejection time using the color Doppler. Global Tei index was calculated by taking the average data from 4 LV bases. Images were stored at an average frame rate of 130 s -1 for post processing.
Strain rate imaging
Strain represents deformation of an object (in this case the myocardial wall) and is often expressed in percentage of change from end-diastolic dimension [16] . Positive strain represents lengthening or stretching while negative strain is shortening or compression. Strain rate (SR) is the instantaneous strain per unit time (cm/s/cm, or 1/sec) and has the same direction as the strain, i.e. negative strain rate during shortening and positive strain during lengthening ( Figure 1, lower panel) . Strain rate therefore represents velocity of regional myocardial deformation, thereby also reflecting myocardial contraction when measured at peak systole. To calculate strain rate the area of interest along the sample scale was chosen to be ≈ 15 mm since this appears to provide the best signal to noise ratio. The longitudinal basal, mid and apical segments of septum, lateral, inferior and anterior walls were averaged to assess global strain rate. Radial strain rate was calculated from the LV posterior wall in the short axis projection. Similar frame rates used for velocity data were also used to measure strain rate.
Hemodialysis
All patients were on maintenance HD, done twice weekly. Duration of maintenance HD varied from 10 months to 7 years. Echocardiography was done within 60 minutes of pre-and postdialysis. Hemodialysis was performed using Fresemins-76 dialyser with dialysate flow rate of 500 ml/ Upper left: A typical color-Doppler velocity profile obtained by positioning the sample volume in the septum base Figure 1 Upper left: A typical color-Doppler velocity profile obtained by positioning the sample volume in the septum base. S1 = isovolumic contraction velocity in the first positive peak, PSV = peak systolic velocity. IVCT and IVRT respectively are isovolumic contraction and relaxation times, E'and A'are respectively early and late diastolic velocities. The velocity profile is accompanied by an ECG signal. Upper right. A systolic displacement image, obtained by integration of the respective velocity profile during systole that provides amplitude of total displacement (usually ≥ 12 mm in healthy individuals). Lower panel. Strain rate imaging in which the white arrow indicates peak systolic strain rate obtained by spatial differential of velocities at two points divided by the distance between them. In our laboratory the insonation distance of approximately 15 mm provides a favorable signal-tonoise ratio [27] .
min. Sodium bicarbonate dialysis was done with dialysate flow of 500 ml/min and an average blood flow of 250 ml/ min.
Coronary angiography
Coronary angiographies were done using the Judkins technique. Significant stenosis was defined as >70 % intra-luminal obstruction either visually or quantitatively by coronary angiography.
Statistical methods
Data are expressed as mean ± SD. One-way ANOVA followed by Scheffe's test was performed to compare the differences among the three groups. Paired t test was performed to compare pre-and post-HD data within groups. A PC-based version of STATISTICA version 6.0 was used for data analyses. Intra-observer variation was similar to our previous study [11] . All continuous variables are expressed as mean ± SD. A p value of <0.05 was considered statistically significant.
Results
Of the study subjects 31 were males and 15 females. The age (years) of the subjects respectively in the 3 groups were 40 ± 16, 57 ± 7, and 56 ± 9 (p < 0.05 for Group 1 vs. others). The study subjects were non-consecutively selected and divided as Group 1: ESRD due to primary renal disease (n = 17), Group 2: ESRD+DM (n = 15), and Group 3: ESRD+DM+CAD (n = 14). Patients with primary ESRD had polycystic kidney disease, IgA nephropathy, focal segmental glomerulosclerosis, or crescent glomerulonephritis. Remaining clinical characteristics of the study population are given in Table 1 . Table 2 provides the biochemical data that show plasma glucose being the lowest and serum HDL highest in the ESRD group while serum creatinine was the lowest in ESRD+DM+CAD group (all relevant p < 0.05). Blood hemoglobin levels were equally low in all the groups. Elevated glucose level was present in the DM groups while serum cholesterol and triglycerides were non-significantly elevated only in the ESRD+DM+CAD group. Table 3 shows that there were no changes in the heart rate (R-R interval) and systolic and diastolic blood pressures at pre-or post-HD, but body weight decreased significantly in all the groups at post-HD. LV hypertrophy at predialysis was seen in 7 ESRD, 10 ESRD+DM, and 12 ESRD+DM+CAD subjects, respectively, with no significant change at post-HD. 2-D obtained LV ejection fraction (>40% in all the 3 groups) did not show any significant changes within the groups at pre-and post-HD. LV internal dimensions showed significant decrease in all the groups post-HD. The velocity of early diastolic filling (E) decreased in ESRD and ESRD+DM+CAD groups while deceleration time (DT) increased in ESRD+DM+CAD group after dialysis. E/A ratio obtained from the standard transmitral Doppler was lower in all the groups at post HD (all p < 0.05). Table 4 (Pre-HD, upper panel) shows results of ANOVA with between-groups comparisons of LV regional data pre-and post-HD. At pre-HD there were no significant differences of PSV in the septum among the patient groups, but in the other LV walls PSV was significantly higher in the ESRD group than in the other two groups (all p < 0.05). E' velocity in the ESRD group was higher only in the anterior and the inferior walls when compared with the other groups. A' velocity in the ESRD group was higher only in the lateral wall in comparison with the other groups. LV displacement at predialysis was higher in ESRD group in the inferior wall when compared with ESRD+DM+CAD group and in the anterior wall it was higher compared with the other 2 groups (all p < 0.05).
Following HD (Table 4 , lower panel), the PSV and E' were significantly higher in the ESRD group compared with the other 2 groups, while A' and longitudinal systolic displacement in the ESRD group were significantly higher in ESRD group compared with ESRD +DM+CAD in the LV septum. Figure 2 shows comparisons of pre-and post-HD effects on global LV systolic and diastolic functions. The global PSV was significantly increased in the ESRD group after dialysis but remained unchanged in the other two groups.
The global E' velocity was increased in ESRD group, but decreased in ESRD+DM+CAD group while the global A' velocity was increased in the ESRD and ESRD+DM groups. Figure 3 shows global LV strain rate pre-and post-HD. While subjects with ESRD as well as those with only DM had increased strain rate following dialysis indicating increased myocardial deformation velocity, the ESRD+DM+CAD group did not show any significant change.
Radial TVE data
Radial images at pre-HD did not show any significant difference among the groups. Post-HD measurements however revealed PSV, E' velocity and SR increased in the ESRD group, as they were seen longitudinally. While only A' velocity was increased in ESRD+DM group, PSV and SR were increased in the ESRD+DM+CAD group (data not shown). A significant decrease in IVCT (79.50 ± 29.14 msec vs. 63.14 ± 16.39 msec, p < 0.05) after HD was observed in the latter group as well. E'/A' ratio was signifGlobal longitudinal strain rate measured pre-and post-hemodialysis Figure 3 Global longitudinal strain rate measured pre-and post-hemodialysis. * p < 0.001 for within-group paired comparisons between pre-and post-HD. Data represent average values of strain rate measurements obtained from the 12 left ventricular segments. Pre-HD Post-HD icantly lower in all the groups. Ejection, isovolumic relaxation, and filling times as well as LV displacement showed no significant differences.
Systolic and diastolic time intervals, LV filling variables and Tei index
Measurement of IVCT, ET, IVRT and FT at pre-HD did not differ. ESRD group at post-HD showed global and regional decrease of ejection time (ET) in all the LV walls (data not shown). In the ESRD+DM group filling time was decreased only in septum, while in the ESRD+DM+CAD group there was global and regional decrease in ET in septum, lateral and anterior wall. Isovolumic relaxation time (IVRT) was however prolonged globally after HD (73.55 ± 9.87 msec vs. 101.42 ± 19.55 msec; p < 0.001) in the same group. On the other hand, isovolumic contraction time (IVCT) did not show any significant changes.
LV filling pressures were assessed indirectly by calculating E/E' ratio at the septal and lateral annulus, pre-and post-HD. At pre-HD, there were no significant differences among the groups (data not shown). There was however a decrease in E/E' ratio at post-HD only in the ESRD group when measured separately and also when the average of the two walls was done (23.28 ± 15.85 vs. 14.42 ± 8.84; p < 0.05).
LV Global Tei index was significantly higher after HD (0.67 ± 0.22) than before (0.57 ± 0.10 vs.;p < 0.05) in Group 1 and in Group 3 (0.72 ± 015 vs. 0.54 ± 0.10; p < 
Discussion
The principal findings of the study are: firstly, global left ventricular longitudinal systolic and diastolic myocardial velocities and systolic strain rate become higher in ESRD group post-HD; secondly, these variables are either unchanged or even become worse (E' velocity in Group 3, vide Figure 2 ) in the other 2 groups; thirdly, radial velocities and strain rate also becomes higher in ESRD while minimal compensatory over-activities of the radial systolic functions (velocity and strain rate) are noted in the ESRD+DM+CAD groups. Finally, despite significant reduction in dialysis-dependent preload, LV filling pressures, as assessed by E/E' ratio, decreased only in ESRD group, indicating that acute changes in loading conditions influence the TVE variables in a different way depending on the background diseases.
The improved LV functions in ESRD groups in the present study confirm the findings reported by others [17, 18] and could be explained by the fact that there is improved myocardial perfusion, which is not only because of removal of fluids, solutes and toxins [19] , but also because of improvement in myocardial interstitial oedema [20] . Another reason that can be attributed to this improvement is that LV hypertrophy was not seen in this group as frequently as in the other 2 groups. A modest increase in Tei index was however observed in this group of patients post HD, suggesting somewhat decreased myocardial performance, not uncommonly seen even in even patients with isolated ESRD [21] . However, the absolute value was far below then the threshold of 0.91 seen in patients with heart failure [22] .
A subtle form of diabetic heart muscle disease is recognizable by TVE at rest as has been shown by Fang ZY et al [10] , possibly reflecting microvascular disease in the earliest form of diabetic cardiomyopathy [23] , since stress velocity response was normal. Moreover, it has been reported that the patients with ESRD + DM and angiographically normal coronary arteries have a lower coronary flow reserve (CFR) than patients with DM alone [24] . Decreased lumen area, vascular remodeling and increased LV mass may explain this attenuated CFR. These mechanisms are often related to microvascular disease of DM, hypertensive heart disease, and CAD [25, 26] , and may have influenced the current post-HD data in the groups with concomitant DM and CAD. In addition, when diabetes is associated with significant coronary disease the LV myocardial velocities progressively decrease [11] . It is therefore not surprising that in patients with ESRD+DM+CAD had additional disturbances, such as prolonged IVRT, diminished systolic displacement, unchanged LV filing pressures and significantly higher Tei index post HD Global longitudinal myocardial systolic (PSV), early (E') and late diastolic (A') velocities, pre-and post-hemodialysis 
